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REPORT OF THE GEOLOGIST. 
NEBRASKA STATE BOARD OF AGRICULTURE 
1896 
REPORT OF THE GEOLOGIST. 
ERWIN HINOKLEY BARBOUR. 
THE PROBLEM OF OUR SOILS AND SOIL MOISTURE. 
The soil survey of the state, which was begun by the author in Novem-
ber of 1892, has progressed to the p:>int where it might be considered fin-
ished. That is, one or more samples of soils have been taken from every 
distinct soil region in the state-in fact, most of the separate counties are 
represented, and mechanical analyses of many of these have already been 
made. However, in consideration of the size of our counties, the work will 
not be declared complete until each is represented in the state musellm 
by soil prisms and by soil analyses. For the information of those citizens, 
not already aware of the facts, it ought to be explained that the work of 
the soil survey is a purely gratuitous service, no salary or compensation 
being received by any of those connected with the work. The appropria-
tions of the State Board of Agriculture, under whose auspices. this work is 
carriQd on, are not quite sufficient to defray the expenses of cases, bottles, 
FIG. 1.-A map showing the progress of the Boil survey in Nebraska. Soils have been col-
lected from each county which Is stippled. The survey will he greatly extended In 1897. 
labels, teams, and other incidentals. It should also be mentioned iJ;l the 
outset that the part which some of our railroads have taken, and their co-
operation in furnishing transportation to the author and his assistants, 
is worthy of recognition. Thus it is that the soils collected are from those 
counties traversed by or adjacent to the Burlington & Missouri River 
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Railroad, the Fremont, Elkhorn & Missouri River Railroad, and the 
Chicago, St. Paul, Minneapolis & Omaha Railroad. All the more acces-
sible counties have been canvassed. In order that the scope of the work 
may be better understood and appreciated by those who have not seen 
former reports, it may be explained that the intention is to prepare soil 
statistics, soil maps, and to have actual soil samples with analyses of the 
same from the entire state for the use of citizens, and for the use of those 
who contemplate becoming citizens. 
The method of securing soil samples is somewhat as follows: A square 
hole about three and a half feet deep aud thl'.ee feet square at the top is 
dug in a. suitable place for obtaining a fairly representative soil. Then a 
slice from one of the walls is cut so as to exactly fill the soil boxes, which' 
are of the regUlation size-three feet 
long by fou.r inches wide and three 
inches deep. In this way a section of 
the soil is taken from the surface to a 
depth of three feet. At the same time 
samples of the soil and of the subsoil 
are taken for analysis. 
The soil prisms and the cards show-
ing the analyses are exhibited together 
in oak cases designed for that purpose, 
as shown in Fig. 2. 
SOIL REGIONS. 
Five distinct soil regions are recog-
nizable, which agree with the botanical 
regions already laid down by the bo-
tanical survey. These are the Drift 
region, the Sand Hill region, the Bad 
Lands region, the Western region or 
Plains Marl region, and the Loess 
region. 
All the analyses made thus far show 
that Nebraska soils are peculiarly rich 
in sand and poor in clay. The amount 
of sand-including in this term coarse, 
medium, and fine sand, and silt.,-runs 
FIG. 2.-Method of exhibiting soils in the as high as 97 to 98 per cent. The lowest 
State Museum. The Boil prisms are ex-
hibited below, the analyses above. percentage thus far is about 66 per 
cent, while the average is probably about 80 per cent. 
As for the clay element of our soil, the highest percentage shown as yet 
is 22 per cent, the lowest 1.12 per ceut, the average being about 11 or 12 
per cent. It will be noticed further that that finest of sand, called silt. 
constitutes as much as 65 'per cent of some soil, the average amount of 
silt being about 40 per cent. This shows that our soils are in a state of 
fine division, which is indicative of a good soil, other things being equal. 
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Coarse gravel and ooarse sand are almost wanting in average Nebraska 
soils. The organio matter averages about 4 peroent. 
FtG. S.-A preliminary 80il map 01 the state, showing the broader soil reglonB. 
1. Region of Glacial Drift, the western limit 01 which Is shown by a dotted lin~ rnnning 
north throngh Thayer, York, Colfax, Pierce, and Boyd conntleB. 
2. The Sand Hill region, exbmdlng Irom the sonthwestern well toward the northeaetern 
part of the etate. 
S. The Blnff Depoelt. or LoeBs. which blendelnsenBlbly Into No.4. 
4. Western Loeee, or .. Plains Marl" region, like No.3 but coarser. 
5. Bad Lande region. 
The extreme fineness of some of our soil may be judged of from the 
faot that if 1,200 to 1,500 of the soil particles were plaoed end to end the 
whole number would soaroely amount to a quarter of an inoh in total 
length. The loess region and the plains marl region are of espeoial in-
terest, not only beoause of the fineness and great depth of the soil, bu~ 
also beoause of the promise that this entire portion of the state will be-
oome a garden spot, if eve1; the matter of supplying suffioient moisture oan 
be solved. As far as the eye is oonoerned, these two regions Bre one. The 
differenoe between them is apparent only after making a mechanioal 
analysis. 
Then it will be seen that the eastern loess (or bluff region) is oharac-
terized by a large proportion of silt, whioh usually ranges from forty to 
sixty-five per oent, while the western loess (or the" plains marl" region) 
oonsists of partioles one grade ooarser. Soils from this region show sixty 
to seventy-five per oent of very fine sand. The soil partioles grow finer a8 
we go east aoross the state. No state oan make a more remarkable soil' 
display than Nebraska. Our soil is deep, it is rioh, and it is in the phys-
ioal oondition to lend itself most readily to oultivation. There is one 
element of fertility laoking in arid and snb-arid Nebraska, and that'is 
suffioient moisture. This may be remedied in part, or at least mitig&ted,'; 
by a better knowledge of the soil, and the way in whioh it oatohes and ! 
bolds its moisture. 
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THE ABSORPTION OR IMBIBITION OF WATER. 
When storm water falls: 
L A portion flows off..... not so in Nebraska, save in the Bad {
Washing eastern or clayey soils badlYi 
Lands. 
2. A portion soaks in..... clay soils. Cultivation helps catch ~ Because our soils are sandy; not so in more water. 
3 A p' ortion i e t d ~ Average evap(lration in Nebraska about 
. s vapora e ~ four and one,· half feet per year. 
FREE WATER OR GROUND WATEil. 
That which soaks in, though lost to the eye, is not l~f; to the state, for it 
sinks by gravity deeper and deeper into the soil, and, cQnstitutes what is 
called the free water or th: ground water, from which I)ur common wells 
are supplied. This is one of several ways in which watAr i.s held in the 
soil. 
OAPILLARY WATER. 
But when the rain stops and there is no more storm wat<l:' 1;(1 sink into 
the soil and the surface becomes dry, then begins a process of ~l",~at inter-
est, and of profound importance, calledcapillal"ity, whereby water is drawn 
or sucked up through all the minute hair-like passage-ways of the soil, 
thus rising automatically as much as six or seven feet. This, then, is tJ, 
second way by which water is held in the soil, and its far-reaching import-
ance is at once apparent when we stop to consider that the very passagt'-
ways up which this water is drawn al"e those down which rootlets grow; 
that is, soil moisture carrying soluble plant food is carried to the grow-
ing rootlets. This force in Nebraska soils is such that vegetation can 
withstand long continued and severe drought, if not accompanied by hot 
winds. The same drought elsewhere would work destruction to crops. 
Our vegetation is ,fed by capillary water, and .saved by it in time of 
drought. 
But it ought to be emphatically stated that capillarity works equally well 
both ways, up or down, according as the surface soil or the deeper subsoil 
is the drier. Then apply this principle directly to OUl" own case, and note 
the importance of every ~eans of catching storm water so that it may soak 
into the deeper soil aud saturate it. Then the whole force of capillarity 
will be spent in drawing water upward towal"d the feedel"s of the growing 
crops. 
OAPILLARITY ASSISTED AND EVAPORATION OHEOKED. 
What, then, can be done to assist this force, capillarity, iu bringing ground 
water to the surface? Plow deep, pulvel"ize well, and firm or compress the 
Boil. A flne-grained compact soil attracts capillary watar, while a COal"Be-
grained, cloddy, or lumpy soil does not; but suppose this water is steadily 
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drawn to the surface where it is exposed to evaporation, then occurs a 
great loss of moisture. How may this be checked? By loosening and 
pulverizing a few inches of the surface. This cuts off the capillary or 
hair-like passageways and stops the attraction of capillary water. This is 
called mulching the soil. It is a blanket or covering to shut the evapora-
tion out and to keep the moisture in. 
The field is rolled to compress or firm the soil; that is, to make it draw 
water to the crop. The top is raked or harrowed and pulverized as finely 
as possible so as to stop capillary water from coming to the surface to be 
evaporated. 
The principle is too well known, and the practice too common to need 
further comment. 
DUST-BLANKET AS A PROTECTION FOR SOIL MOISTURE. 
The experiment in dust-blanket farming, tried as early as 1885 by H 
W. Campbell, a farmer near Putney, S. D., deserves to be mentioned. 
Dust blanket. 
Moi.ture cbecked at 
tbis point. 
Vegetable mould 
turned under by tbe 
plow. 
FIG. 4.-A growing plant of common corn, showing Campbell" method of cultivation. Tbe 
dust·blanket at a prevent. excessive evaporation by cutting 011 capillarity along the line b. 
At c tbe soli Is packed or firmed to increase t,be attraction of capillary water. At dare tbe 
snrface mOUld, stalks, leaves, etc" turned under to enrich tbe soli. The growing plant sends 
out a broad base of roots In a soil at once moist, warm, and rlcb In plant food. 
His plan was to turn under the top six or eight inches, because the rich 
humic matter of the soil is in the topmost three or four inches. By turn-
ing this under several wise provisions are made. First, it is better pro-
tected from immediately rotting and passing off as gas into the air; sec-
ond, it is put where the plant rootlets, or feeders can get at it readily; 
and third, it is far enough below the surface so that soil moisture can 
reach it and turn it into soluble plant food. Mr. Campbell's next step is 
to press or firm this in order to bring about as strong capillary attraction 
as possible in the region of the l'ootbeds. His next move is to pulverize 
the surface, into a dust-blanket, if need be, so as to stop evaporation. In 
this way he conserves the limited moisture of the region and causes 
crops to produce where others fail. His methods are destined to be 
. quoted and imitated for years to come. 
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No Boil mulch or blau· 
ket to stop evaporation. 
Roots going below tbe 
enrlcbed soil In search 
lor moisture. 
FIG. 5.-A growing plant 01 common corn. Here the loss 01 capillary water Is uot checked 
by a Boil mulch. The rootB are accordingly forced In theIr Bearch lor Bulllclent water!-o go 
down where the eoll IB leBB warm and le8s enriched hy decayIng vegetable matter and leRs 
penetrable to rootlete and the delicate plant leeders. One· third more moisture lost than In 
Fig. 4. 
HYGROSOOPIQ WATER. 
There is also a third class of water in the soil called hygroscopic water, 
whose presence we would not suspect, yet if we take what is called per-
fectly dry earth and bake it, water will be liberated, just as is the case when 
sun-dried bricks are placed in the kUn and burned. This does not circu-
late in the soil, but adheres to the soil grains so intimately that it can be 
driven off only-by high heat. This leads us to some forgotten facts re-
specting absorption and imbibition of moisture by the soil. 
THE ABSORPTION OF STORM WATERS. 
Soils will imbibe or absorb moisture according to their physical condi-
tion and composition. Compact clay soils absorb bllt little; so coarse-
grained lumpy soil; light loose sandy soils absorb a great deal. 
The hard-packed virgin prairie sheds water like a roof as compared with 
our cultivated fields which drink it in. A p3rfectly dry soil will absorb 
less moisture from a shower than a moist soil, a fact full of significance to 
Nebraskans, and one which is capable of application. Pour water upon a 
perfectly dry sponge and it absorbs but little of it, while the damp one 
will catch every drop. Pour water upon a dry ash heap and but little is 
absorbed. So it is with a dry soil, in which case, before water can be ab-
sorbed, a certain amount of air mus·t be expelled .. The dry soil particle 
offers but little attraction to the water compared with the moist soil 
grain. 
Now for the direct application of this principle. 
OULTIVATION TENDS TO OATCH AND HOLD MORE MOISTURE. 
That field which is better cultivated is apt to contain more soil moisture 
conserved in it, therefore it is in better condition to imbibe or absorb 
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water precrpitated upon it, which is one important end to be attained by 
our agriculturists. Plow and cultivate, and thus render the ground more 
moist so that it can the more readily absorb storm water, then cultivate 
and mulch the soil so as to retain it. 
DESIRABILITY OF OATOHING AND OONSERVING EVERY DROP OF RAIN. 
Without a doubt it would pay well, even though disfiguring our p'\sture 
lands, to plow furrows every few yards in rolling fields, to check and help 
to retain for our soils every drop that can be absorbed. Every draw 
should have a dam thrown across it no matter whether it holds water or 
not. It will at least check the waste of storm water, which, if not arrested 
will flow out of the state. Suppose the pond so constructed does not hold 
water well, what does it matter so long as this waste has been averted? 
Does not the water so caught soak into the ground to the benefit of the 
owner and his neighbors? . Professor Whitney, of the U. S. Geological Sur-
vey. who has so carefully and criticaily studied the soil conditions in Ne-
braska and Kansas, lays stress on the importance of saving every drop of 
water that falls. That portion which flows off although amounting to but 
ten per cent is of no direct benefit to our agricultural interests, but would 
be if E!aved. 
Professor Whitney in the Year-book of the U. S. Department of Agricul-
ture for 1894 writes that" During a recent examination of the conditions in 
the soils of the plains of western Kansas and Nebraska and eastern Colo-
rado, no trace of moisture was found in a number of borings from just below 
the surface to a depth of three feet under the natural prairie sod, except 
on the light sands of the sand hills near Garden City and in a few depres-
sions where water had evidently been caught. The season had been ex-
tremely dry, but an inch of rain had fallen a week before the examinations 
were made. Where the sod had been broken and the land had been cul-
tivated during the season the subsoil was quite moist, and the more moist 
the more thorough the cultivation had been. At Geneva, Nebraska, the 
soil and subsoil immediately under the prairie sod was so dry that it was 
extremely difficult to take a sample with an augur, both because it was 
hard to bore into, and because the material loosened by the augur was so 
dry and powdery it ran off the augur like fine dry sand. An oat field which 
had been thoroughly prepared by subsoiling two years before was still 
quite moist, although the ground had not been actually cultivated for two 
years. 
In an adjoining field which had been subs oiled the previous year, and 
during the present year had been thoroughly cultivated, the subsoil 
down to a depth of three feet was so moist that it could be moulded in the 
hand. These three localities were not over a few hundred feet apart, and 
had been exposed to precisely the same rainfall, but had been subjected 
to these different methods of cultivation." 
So much has already been said and written touching the relation of·in-
creased cultivation to the absorption and retention of soil moisture that 
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the principle has come to enjoy general recognition. There is one local 
soil feature which must be mentioned. 
ORACKS AND FISSURES IN OUR SOIL. 
In regions overlaid by loess-that light yellowish deposit so generally. 
knuwn, often called the bluff-deposit on account of i,ts tendency to break 
into vertical bluffs-·it is of regular occurrence to find fissures, sometimes 
several inches across and many feet deep, traversing the prairie soil in all 
directions, thus increasing enormously the surface exposed to evaporation. 
In the severest weather of mid-winter and again in the cont!nued droughts 
of summer these fissures are open. However, in cultivated regions this 
action ,is stayed or averted altogether. 
RELATION OF PREOIPITATION TO IMBIBITION IN NEBRASKA SOILS. 
In the outset it was mentioned that the prime element of fertility-mois-
ture-is lacking in our soils. Perhaps this statement in the light of com-
parison with other states will bear qualification. While the rainfall of the 
state is less than that of eastern states, yet the amount absorbed is such 
as to about equalize things. For example, the rainfall of Nebraska for the 
past twenty years (from 1876 to 1896) as computed by Professors Loveland 
and Swezey is 23.33 inches, of which 2.33 inches, or ten per cent, is lost by 
fiowing off, while twenty inches is saved by soaking into the soil. In the 
eastern states with an annual precipitation of thirty-eight to forty inches, 
fifty per cent or twenty inches is lost by fiowing off in streams, leaving 
twenty inches to sink into the soil. This just abQut e~ualizes matters be-
(50 per ~..,nt 
~ or 20 Inches 
'" -_';i lflows off., 
!l 
.5 ~ 
rfl ... 
E '0 
$ ~ 
'" ... ~ I ~{50 per cent 
I or 20 .inches 
l soaks Ill. 
10 per cent or, ~ 'I 
2.11 inCheS}.=: 
flows off. f! f . 
'0 ~ 
'" "" 
., ~ 
... ,Q 
90 per cent ,.~} .9 J ~ 20 Inches ., 
soaks in. '" 
., 
... 
FIG. 6.-Shows graphically the difference between tbe shallow clayey 8011 01 the East and 
the deep sandy soil of the WeRt. Thougb the eastern polls receive about twice as mach rain-
fall, yet they imbibe no more than Nebraska, the rest flowing off, often washing tWo land 
badly, and carrying away soil lertllity. 
tween the East and the West and presents our state in a better light, and 
helps to explain how a fiourishing and increasing agriculture has sprung 
up on the very soil where it was once pronounced impossible. In the New 
England states, which represent a total area nearly equal to that of Ne. 
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braska, the annual precipitation is about forty-four inches, yet the amount 
caught and held by the soil for plant food scarcely exceeds that in our own 
state. For the sake of comparison a table is introduced to show the 
annual rainfall in other states. 
TABLE SHOWING THE ANNUAL PRECIPITATION ,,-, NEBRASKA AND NEIGHBORING 
STATES. 
INCHES. 
Indiana, to 1894 inclusive, _________________ 39.70 
Illinois, 38 .05 
Iowa, 34.88 
Kansas, 26.67 
Kentucky, 45.60 
Michigan, to 189d incl., 30.83 
Missouri, to January, 1895, 37.74 
Nebraska, 23.33 
6NewEng.States,to 1896 44.51 
New York, 37.52 
North Dakota, 18.88 
Ohio,15 years to 1896, incl., 39.46 
South Dakota, 1896, incl., 19.97 
Wisconsin, 32.06 
Wyoming, 5 years, 1896, incl., 13.35 
RELATION of PRECIPITATION TO THE GROWING SEASO:N. 
But in still another respect is the unequal distribution of rainfall in the 
east and West equalized, and a compensation found in the fact that our 
rainfall, though a trifle scant, is most timely, for sixty-nine per cent or 
more than two·thirds of it amounting to sixteen inches falls during the 
growing season, as is shown graphically in the subjoined table. 
TABLE SHOWING THE MONTHLY PRECIPITATION IN NEBRASKA. 
NUMBER 
INCHES OF RAl!lY 
DAYS. 
January 0.68 6.3 
February 0.71 5.7 
March 1.16 6.5 
~ April I 16.08 In. or 69 per cent of the 2.40 9.2 
'May } ." ... "~",,.u"" 3.60 12.1 
: June fall. during 3.93 10.2 
S 3.51 9.9 i< July the growing season, 
~ Aug. 90 per cent o! i~ Boaks In. 2.62 8.5 
September 1.8! 6.6· 
October 1.49 6 
November 0.68 4.1 
December '0.69 6 
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Nebraska may feel just pride in the fact that such a large proportion of 
moisture is caught, and in the additional fact that it comes at the season 
when most needed. This is what enables Kansas and Nebraska to raise 
phenomenal crops (against which other states cannot compete) on a lim-
ited precipitation, so limited as to produce drought and complete crop 
failures in the eastern states, 
RAINFALL OF THE GROWING SEASON IN VARIOUS LOCALITIES. 
STATIONS 
PER 
CIJ::NT 
St. Louis, Mo. 48.00 
Cheyenne, Wyo. 71.00 
Dodge City, Kan. 73.00 
North Platte, Nebraska __________________ 72.00 
Omaha, Neb. 67.00 
Huron, S. D. 74.00 
St. Paul, Minn. 61.00 
Duluth, Minn. 57.00 
Davenport, Iowa. 55.00 
Keokuk, Iowa. 54.00 
Nebraska in general 69.00 
THE IMPORTANCE OF A MOIST SOIL. 
The amount of water precipitated and that consumed by vegetation and 
growing crops can only be realized and appreciated after one has figured 
it out with pencil and paper. 
One-fourth inch of precipitation per acre equals 28.3 tons of water. 
One inoh of water per acre equals 113 tons of water, in round numbers. 
Two inches of water per acre (unusual precipitation) equais 226 tons of 
water. 
Twelve inches of water per acre equals 1,361 tons of water. 
Sixteen and eight-tenths inches received during our growing season 
equals 1,901 tons of water. 
Twenty-three .and thirty-three hundredths inches, the normal annual 
precipitation for the state equal 2,641 tons of water. 
The above represents our receipts of water per acre, against which must 
be balanced the water which is disbursed to growing crops. 
THE WATER NEEDED BY GROWING CROPS. 
Plants will live on ninety tons of water per acre, but flourish on one 
hundred and fifty to four hundred tons per acre. When a crop is cured 
it weighs less than half what it did when green, while some plants retain 
but a fiftieth part of their original weight, when dry, which indicates 
the amount of water needed by the growing crops. Geologists in making 
approximate computations reckon about one ton of dry vegetation per 
acre as the annUM production. The dry oat stacks on an acre, weighing. 
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say, one ton, required for their: production over five .hundred tons of 
water. The fodder shocks on an acre required two hundred to three hun-
dred tons. . 
A potato crop may make a draft of 1,000 or more tons of water per acre. 
Inasmuch as there is about 1,901 tons of water on deposit during the grow-
ing season per acre, the fear of an overdraft under ordinary conditions is 
nqt to be entertained. It is the long continued stringency of drought, or 
the short "run" of a hot wind, which wrecks the crop. The action of hot 
winds on vegetation is most disastrous. Heated often to 100 degrees, and 
carrying a low percentage of humidity, sweeping over the state with a ve-
locity of thirty to thirty-five miles per hour, the hot winds may blast crops 
within three or four hours. 
When the temperature is high, if the wind is low, plants suffer less for 
very obvious reasons. The moisture taken into the circulation of the 
plant is breathed out through the mouths or stomata of the leaves. This 
soon forms a layar of moist air around the plant, thereby checking the ex-
cessive expiration, because of the incapacity of the moist envelope to 
carry more moisture. ~ut let ~he wind constantly carry away the envelope 
of moist air, and renew it with air capable of carrying moisture as fast 
as the plant surrenders it, then the collapse of the plant is to be expected. 
One of the many objects in planting wind·breaks is to check or stay 
somewhat this effect of the wind. 
WINDBREAKS PROTEOT PLANT AND SOIL MOISTURE. 
The planting of trees for fruit or for ornament or as windbreaks is to be 
constantly encouraged. As tree planting increases from year to year, and 
as more land is brought under cultivation so as to catch and hold that 
much more moisture, and as methods of conserving soil moisture are un-
derstood and adopted, our soil ought. to improve in the amount of its 
moisture. This must not be confounded with the idea that the amount of 
Our annual rainfall increases as more acres are brought under the plow, 
all of which is a mistake. 
OUR ANNUAL RAINFALL NOT INOREASING. 
As a matter of fact the rainfall now averages almost what it did twenty 
years ago, and Professor Swezey finds no ground whatever for the popular. 
but erroneous belief that the amount of our precipitation is increasing. . 
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Arid. Beml-arld. Humid. 
Precipitation 15 In. 181n 21 In. 24 In. 2710. 30 In. 33 In. to 36 In 
Evaporation 6 It. 6 ft. 4% It 3 ft. 
FIG. 7.- A map of the .tate, .howlng ahove, the region. k;own a. hnmld •• emi·arid, and 
arid; .howlng below, the precipltatJon and evaporation. The average precipitation i. 23.33 
Inches per year. The average evaporation 4% feet. [After Swezey and Loveland.] 
MJMlIIARY OF MEOHANIOAL ANALYSES OF TEN 'SUB30ILS OF NEBRASKA.* 
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686 Ch.yenn. Co .... .................. 0.41 0.66 0.00 0.16 14.48 64.61 17.49 0.0» 0.2~ l.U 
682 Deuel Co .......... .................. 1.26 1.13 0.00 0.00 19.70 69.00 6.95 0.31 051 2.36 
1492 Cedar Co .......... Hartingt'n 2.72 3.31 4.39 8.69 15.88 11.48 13.2~ 32.47 3.29 4.70 
1490 Gosper Co ....... N. W. cor ... 3.60 3.20 0.00 0.00 '1'r. 0.92 19.37 6~.31 3 21 10.00 
1438 P.rkins Co ...... ~ear Grant 4.28 3.35 0.22 1.52 5.34 7.66 36.71 28.21 0.34 11.00 
1440 Adams Co ........ :'r. Ha.t'g. 5.71 4.31 0.00 0.00 0.02 0.32 27.79 4~.'9 1.09 17.61 
1471 Thurston Co .... Nr. P.nder. 4.10 6.60 0.00 0.00 1.2" 3.22 8.68 46.88 10.32 17.7': 
1467 Fillmore Co ..... Fairmont .. 6.21 4.97 0.0(1 0.00 0.00 0.40 20.84 46.12 1.21 21.3~ 
1670 Fillmore Co ..... G.n.va ...... ......... ......... 0.00 0.00 0.00 0.43 12.71> 59.17 5.12 10.8~ 
1431; Phelps Co ........ Holdreg .... 5.67 4.10 0.00 0.00 0.03 0.14 22.97 44.95 1.04 ·22.0~ 
-------------------
--
Av. of 10 Co .... .................. 3.77 3.51 0.46 1.04 6.67 15.80 18.66 36.34 - 2.64 11.8~ 
ANALYSES OF WIND-BLOWN DUST FROM THE If BLACK-BLIZZARD," FEBRUA.RY, 1895. 
6871York Co ...... • .... IN.ar York. I 0.3511.6sl o.rol 0.0°11.50/46.00126.00/1.60/ 5501 6.70 688 York Co ........... Near York. 2.42 10.95 000 0.05 0.35 1.30 43.35 24.37 7.02 11.26 
689 York Co ........... Near York. 2.03 8.60 0.00 0.00 0.40 2.60 19.24 1.18 26.79 37.60 
·Prepared by Profes.or Milton Whitney. of the Departm.nt of Agriculture, Wa.hlngton, D.O' 
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Frg. 8. A characteristic sol( of Nebraska, from Geneva, Fillmore Connty, showing oppo 
site each bottle the soil particles as they appear nnder tbe microscope, (magnified about 25 
diameters); o.nd also showing In the bottle. the amouut of sand, slit, clay, etc., according to 
a mechauical soil analysis. The natural size of the soli particles No.1, is about ,that of this 
0, while the clay particles are too small to be shown correctly eVen wheu magnified 
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AN AVERAGE NEBRASKA SOIL BASED ON THE FOREGOING ANALYSIS. 
Per 
cent. 
Moisture in air dry sample ......... 3.77 .......... .. 
Organic matter..... .. . . .. .. . . . .. .... 3.51 .......... .. 
Gravel 0.46, Coarse sand... .. .. . . .... 1.04 .......... .. 
Medium sand ...................... , 5.67 .......... .. 
Fine sand ........................... 15.80 .......... .. 
Very fine sand ...................... 18.66 ...... , ..... . 
Silt .••..•........................•.. 36.34 ..........•. 
Fine silt ............ , .............. , 2.64 ........... . 
Clay ................................ 11.89 .......... .. 
I~ 
I ) 
FIG.9.-Sbowlngan 
average Nebra.ka 8011 
based "pon tbe analy. 
81s of soU. from tea' 
localities. ' 
Now silt is only exceedingly flne sand and gravel is nought but very 
coarse sand, accordingly if we class these together under the head of sand, . 
which they really are, it will be seen that Nebraska soils contain large 
amounts of sand with small amounts of clay. It is also apparent that the 
eastern soils, especially in the southern half of the state, are -of a slightly 
flner texture (consisting largely of silt) than are the western soils (wliioh 
consist largely of flne sand). 
RELATION OF IRRIGATION TO OUR SOILS. 
The first writer of prominence in Nebraska who advocated ir!,igatiOn,,-. 
Lewis E. Hicks, at that time professor in the University of. :}je~ .. 
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His paper aroused such vehement opposition from the country press of the 
state at large that his position in the University was threatened. It may 
be mentioned casually that judgment was rather summarily meted out 
upon these country editors, whose prospects were soon blighted by years 
of drought against which irrigation alone could prevail. 
The Hon. W. R. Akers, secretary of the State Board of Irrigation, was 
among the first to put the question to a practical test, in the face of open 
opposition, by building an irrigating plant in the fall of 1887; since that 
time the growth of irrigation in Nebraska has scarcely been surpassed 
elsewhere. Many miles of ditches have been built, and many acres of 
otherwise sterile land brought r-:=---:::::---:=---::::--=::---::::---==~:;;:--:;::-1 
under cultivation. The amount 
of water claimed amounts to 
nearly 62,000,000 cubic feet; -the 
miles of canals completed 
amount to 3,740,045, costing 
nearly $1,800,000; 1,207,966 acres 
are covered; and the estimated in-
crease in land values amounts to 
$9,663,728. This does not take 
into account prospective ditches 
which when done will greatly in-
crease the above figures. 
Irrigation, wherever it is prac-
ticable, settles the matter of sub-
sistence, for it supplies the one 
and only lacking soil constituent. 
But expectations must be kept 
within bounds, for there is a 
natural limit to this important 
element of our soil fertility be- ..... _..-::....._...;::..-_.::::.._-.;;:::-_.:: ... _.....:;.; 
cause the total supply of avail a- FIG. to.-The areas in black Indicate the soli 
. . regions in the West where ffUry farming" Is at. ble surface water IS suffiCIent to tempted. [Alter Professor F. H. Newell.] 
.FIG. 11.-A map showing that all the available river water of the state Is capable of Irrtga-
tlng a total area no larger than Scott's B1utt, Banner, Kimhall. and Cheyenne connt\ell-
that 18 about 6.723 acres. [After Profeasor O. V. P. Stout.] 
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cover but 5,723 square miles, which is an area about equal to Scott's Bluff, 
Banner, Kimball, and Cheyenne counties, as has been carefully figured 
out by Professor O. V. P. Stout. The insignificance of this small tract as 
compared with the 77,000 square miles of the state is the more apparent 
when we glance at figure 1L 
This area may be increased somewhat by pumping water from under-
ground sources. The development of windmills and water lifters of all 
sorts has been almost as phenomenal as that of the ditch during the past 
four years. According to reports sent to this office, it is apparent that 
during seasons of drought the profits accruing from the small tract 
irrigated by the windmill exceeded that of the entire farm. The use of 
the windmill for irrigation has grown with espeoial rapidity since 1894, 
and farmers are irrigating from five to fifty acre tracts by means of one or 
more mills. This is a promising means of rendering plant food available 
in our arid soils, providing always that wells are not too deep. Those 
who undertake to raise water from unreasonable depths must ordinarily 
meet with disappointment and loss. Below a depth of seventy-five feet 
water cannot be raised profitably by present pumping devIces, and it is 
a questionable venture no matter how rich and productive the soil may 
naturally be. 
